ABSTRACT Aims/Introduction: To evaluate whether there is disparity of the efficacy and all-cause mortality and other adverse effects between Asian and non-Asian patients with sodiumglucose cotransporter 2 (SGLT2) inhibitors treatment. Materials and Methods: Randomized clinical trials publicly available before January 2017, comparing SGLT2 inhibitors treatment with a placebo in type 2 diabetes patients were identified. The association between treatment and outcomes was estimated by computing the weighted mean difference for glycated hemoglobin level, blood pressure level, lipid profile levels and bodyweight, and the odds ratios for adverse events. Results: A total of 17 trials with Asian patients were included and 39 trials with nonAsian patients were included. Comparison of the glycated hemoglobin decreases corrected by a placebo between Asian and non-Asian patients showed that there was a non-significant difference of 0.05% between groups (P > 0.05). Comparisons of the bodyweight changes and blood pressure changes corrected by a placebo between Asian and non-Asian patients did not show a significant difference between groups (P > 0.05). The risk of all-cause mortality was not increased when compared with a placebo both in Asian and non-Asian populations, and the risk of genital infection in Asian and non-Asian populations were both significant increased. Conclusions: Overall, according to the present meta-analysis, comparison of the efficacy in SGLT2 inhibitors treatment between Asian and non-Asian type 2 diabetes patients showed no significant difference in glycated hemoglobin reduction and bodyweight reduction. Furthermore, no disparity was found in the risk of all-cause mortality or hypoglycemia in SGLT2 inhibitors treatment between Asian and non-Asian patients.
INTRODUCTION
The sodium-glucose cotransporter 2 (SGLT2) inhibitors are a new class of oral antidiabetic drugs, which reduce hyperglycemia by increasing urinary glucose excretion independently of insulin secretion or action. Recently, many randomized controlled trials have shown that SGLT2 inhibitors improved glycemic control in patients with type 2 diabetes both as monotherapy and as add-on therapy [1] [2] [3] [4] . So far, approximately six kinds of SGLT2 inhibitors have been approved as dapagliflozin, canagliflozin, empagliflozin, ipragliflozin and ertugliflozin in the Western market, and another two kinds of SGLT2 inhibitors as tofogliflozin and luseogliflozin have been approved in Japan.
With the increasing prevalence of type 2 diabetes in the Asian population, and the unmet need for both good glucose control and low incidence of adverse effects, the efficacy of novel agents, such as SGLT2 inhibitors, in the Asian population are expected to be as effective as the efficacy in the non-Asian population when treating patients with type 2 diabetes. Although several studies of SGLT2 inhibitors treatment have been carried out in Asian type 2 diabetes patients [1] [2] [3] [4] , comparisons between Asian and non-Asian populations on glucose control, bodyweight control and blood pressure control, as well as the risk of all-cause mortality, hypoglycemia and other adverse effects have not been well studied.
Because of the lower body mass index (BMI) of Asian patients compared with that of non-Asian patients 5, 6 and the different genetic and pharmacogenetics ethnic background 7, 8 , we hypothesize that the efficacy of glucose control and bodyweight control or the adverse effects between the two ethnicities might be different. Therefore, the aim of the present meta-analysis was to evaluate the efficacy, as well as the adverse effects, between Asian and non-Asian type 2 diabetes patients with SGLT2 inhibitors.
METHODS

Search strategy
Randomized clinical trials publicly available before January 2017, comparing SGLT2 inhibitors treatment with a placebo in type 2 diabetes patients were identified. The following terms were used for searching: type 2 diabetes, sodium-glucose cotransporter 2 inhibitors, dapagliflozin, canagliflozin, empagliflozin, ipragliflozin, tofogliflozin, luseogliflozin, ertugliflozin and randomized controlled trials. The databases of MEDLINE and the Cochrane Library Central Register of Controlled Trials were searched, first in December 2015 and second in January 2017. The registration number of this meta-analysis is CRD42016047666.
Inclusion criteria and data extraction
The inclusion criteria were as follows: (i) placebo-controlled trial of SGLT2 inhibitor treatment; (ii) type 2 diabetes patients; (iii) study length >12 weeks; (iv) the efficacy of glucose control was the primary outcome of the study; and (v) the trials were randomized controlled trials. The exclusion criteria were as follows: (i) active controlled study; (ii) non-randomized trial; (iii) trials in type 1 diabetes patients; (iv) study length <12 weeks; and (v) the efficacy of glucose control could not be collected from the trial.
Two investigators (XYG and YFC) screened the titles and abstracts independently to identify potentially eligible trials. Any potentially relevant citation was then evaluated in full-text. Any discrepancies were discussed with a third author (WJY) until a consensus was reached. The two investigators independently reviewed the main reports and supplementary materials, and extracted study and patient characteristics and treatment strategies. Each study included in this meta-analysis was categorized as an Asian study or non-Asian study according to whether the percentage of Asian participants in each study was ≥50% or not. The quality of each study and the risk of bias were evaluated using the Cochrane instrument.
End-points
The primary end-point of the present meta-analysis was the efficacy of glucose control in SGLT2 inhibitors treatment between Asian and non-Asian type 2 diabetes patients. The secondary end-points were the placebo-corrected changes from baseline of bodyweight, blood pressure, lipid profile between Asian and non-Asian populations, as well as the risk of adverse effects between Asian and non-Asian type 2 diabetes patients.
Statistical analysis
Treatment effects were estimated by random effects or fixed effects pairwise meta-analysis. The association between treatment and outcomes was estimated by computing the weighted mean difference (WMD) for glycated hemoglobin (HbA1c) level, blood pressure level, lipid profile levels and bodyweight, and by computing the odds ratios (ORs) for all-cause mortality, adverse events and hypoglycemia, together with 95% confidence intervals (95% CI). Higgins I 2 statistics were used to quantify the percentage of the total variance in the summary estimate as a result of between-study heterogeneity. Publication bias was assessed through a funnel plot and Egger's test analysis. Statistical testing was two-sided, with P < 0.05 considered statistically significant. Most statistical analyses were carried out with the Review Manager statistical software package (version 5.2; Nordic Cochrane Centre, Copenhagen, Denmark). Meta-regression analysis was carried out with STATA (version 11.0; StataCorp, College Station, TX, USA). The present meta-analysis was carried out according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines for carrying out and reporting meta-analyses of randomized controlled trials.
RESULTS
Studies included in the meta-analysis and qualifications
The electronic searching began from December 2015 to January 2017 and retrieved 1989 citations. The flowchart of included studies is summarized in Figure 1 . Overall, 56 randomized clinical trials were eligible for inclusion in the review. In Asian populations, 17 trials were included [1] [2] [3] [4] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , among which two trials with dapagliflozin treatment compared with a placebo, three trials with canagliflozin treatment compared with a placebo, three trials with ipragliflozin treatment compared with a placebo, two trials with tofogliflozin treatment compared with a placebo, two trials with empagliflozin treatment compared with a placebo and five trials with luseogliflozin treatment compared with a placebo (shown in Table S1 ). In non-Asian populations, 39 trials were included , among which 18 trials with dapagliflozin treatment compared with a placebo [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , seven trials with canagliflozin treatment compared with a placebo [41] [42] [43] [44] [45] [46] [47] , 10 trials with empagliflozin treatment compared with a placebo placebo 58, 59 and one trial with ertugliflozin treatment compared with a placebo 60 (shown in Table S2 ). By using the Cochrane instrument, the risk of bias was evaluated. Overall, the risk of bias was low, the random sequence generation, the allocation concealment, the blinding of participants and personnel, the blinding of outcome assessment, and the incomplete outcome data were all well reported, and the selective reporting was low ( Figures S1 and S2 ).
Baseline characteristics between Asian and non-Asian patients For Asians, 2,600 patients were included in SGLT2 inhibitors treatment, whereas for non-Asians, 12 HbA1c changes in SGLT2 inhibitors treatment Overall, in Asian patients, compared with a placebo, the SGLT2 inhibitors treatment resulted in a significantly greater change in HbA1c (WMD -0.65%, 95% CI -0.73% to -0.56%, P < 0.01). In dapagliflozin treatment, the HbA1c change from baseline was -0.74% compared with a placebo with statistical significance (95% CI -0.77% to -0.71%, P < 0.01). In canagliflozin treatment, tofogliflozin treatment, ipragliflozin treatment and luseogliflozin treatment, the HbA1c changes also significantly decreased (WMD -0.77%, 95% CI, -1.16% to -0.38%; -0.70%, 95% CI -0.98% to -0.43%; -0.65%, 95% CI -1.24% to -0.07%; and -0.49%, 95% CI -0.73% to -0.25%, respectively; all P < 0.01).
In non-Asian patients, compared with a placebo, the SGLT2 inhibitors treatment was associated with a significantly greater decrease in HbA1c (WMD -0.60%, 95% CI -0.64% to -0.56%, P < 0.01). The dapagliflozin treatment, canagliflozin treatment, empagliflozin treatment and ipragliflozin treatment led to HbA1c decrease from baseline in 0.58%, 0.71%, 0.57% and 0.62%, respectively, when compared with a placebo with statistical significance.
Comparison of the HbA1c decreases corrected by a placebo between Asians and non-Asians showed that there was a nonsignificant difference of 0.05% between groups (P > 0.05). Details are shown in Table 2 . In dapagliflozin treatment, the difference between groups was 0.16% with statistical significance in favor of Asian populations, but in canagliflozin treatment and ipragliflozin treatment, the differences between groups were not significant.
Meta-regression analysis showed that the HbA1c decrease from baseline was not associated with baseline HbA1c, baseline weight or baseline BMI, baseline age or sex, study duration, or duration of diabetes in both Asian and non-Asian populations.
Weight changes in SGLT2 inhibitors treatment
In Asians, compared with a placebo, treatment with SGLT2 inhibitors led to a significant decrease in bodyweight (WMD -1.86 kg, 95% CI -2.03 to -1.70 kg, P < 0.01). Treatments with dapagliflozin, canagliflozin, ipragliflozin, tofogliflozin and luseogliflozin also led to significant decreases in bodyweight respectively (WMD -1.92 kg, 95% CI -2.04 to -1.80 kg; -2.01 kg, 95% CI -2.80 to -1.21 kg; -1.55 kg, 95% CI -1.94 to -1.17 kg; -2.35 kg, 95% CI -2.87 to -1.83 kg; -1.68 kg, 95% CI -1.95 to -1.41 kg; all P < 0.01). In non-Asians, compared with a placebo, treatment with SGLT2 inhibitors was associated with a significant decrease in bodyweight (WMD -1.94 kg, 95% CI -2.24 to -1.65 kg, P < 0.01). Treatments with dapagliflozin, canagliflozin, empagliflozin and ipragliflozin also led to significant decreases in bodyweight, respectively. Comparison of the bodyweight changes corrected by a placebo between Asians and non-Asians showed that there was no difference between groups (P > 0.05). Details are shown in Table 2 .
Meta-regression analysis showed that the bodyweight decrease from baseline was not associated with the HbA1c changes from baseline, baseline weight or BMI, baseline age or sex, study duration, or duration of diabetes in both Asians and non-Asians.
Blood pressure changes in SGLT2 inhibitors treatment
Compared with a placebo, in Asians, treatment with SGLT2 inhibitors led to a significant decrease in the level of systolic blood pressure (SBP; WMD -3.55 mmHg, 95% CI -5.93 to -1.17 mmHg, P < 0.01) and a significant decrease in the level of diastolic blood pressure (DBP; WMD -2.39 mmHg, 95% CI -3.23 to -1.54 mmHg, P < 0.01). In non-Asians, treatment with SGLT2 inhibitors was associated with a significant decrease both in the level of SBP (WMD -4.38 mmHg, 95% CI -5.01 to -3.75 mmHg, P < 0.01) and in the level of DBP (WMD -1.79 mmHg, 95% CI -2.10 to -1.48 mmHg, P < 0.01, respectively). Details are shown in Table 2 .
Comparison of SBP change from baseline between Asian and non-Asian patients showed that the difference was 0.83 mmHg without significance (P > 0.05). Comparison of DBP change from baseline between Asians and non-Asians also showed a non-significant difference (P > 0.05). Comparisons between Asians and non-Asians in each kind of SGLT2 inhibitor treatment are also shown in Table 2 .
Meta-regression analysis showed that the SBP changes from baseline were not associated with baseline SBP, baseline weight or BMI, baseline age or sex, or study duration, in both Asians and non-Asians. The DBP changes were not associated with baseline characteristics either.
Lipid profile changes in SGLT2 inhibitors treatment
In Asians, compared with a placebo, treatment with SGLT2 inhibitors was associated with a significant decrease in triglyceride (TG) level (WMD -17.66 mg/dL, 95% CI -23.63 to -11.70 mg/dL, P < 0.01), but a significant increase in the level of total cholesterol (T-CHO) and high-density lipoprotein cholesterol (HDL-C; WMD 4.26 mg/dL, 95% CI 2.07 to 6.45 mg/dL, P < 0.01 and 4.22 mg/dL, 95% CI 3.46 to 4.99 mg/dL, P < 0.01, respectively). The level of low-density lipoprotein cholesterol (LDL-C) was also significant increased with SGLT2 inhibitors (WMD 4.10 mg/dL 95% CI 1.66 to 6.54 mg/dL, P < 0.01). In non-Asians, the level of TG was also significantly decreased, and the levels of T-CHO, LDL-C and HDL-C were significantly increased. Details are also shown in Table 2 .
Comparison of the efficacy on lipid profiles in SGLT2 inhibitors treatment between Asians and non-Asians showed that the decrease of TG level from baseline in Asians was significantly superior to that in non-Asians with a 12.52-mg/dL (P < 0.05) difference between groups; the increase of HDL-C in Asians was also significantly superior to that in non-Asians with a 3.34-mg/dL (P < 0.05) difference between groups, and the increase of T-CHO and LDL-C level from baseline in Asians was comparable with that in non-Asians. (1.29 mg/dL and 1.01 mg/dL, respectively, P > 0.05). Details are shown in Table 2 . Meta-regression analysis showed that the TG decrease from baseline was not associated with baseline TG, baseline weight or BMI, baseline age or sex, or HbA1c changes from baseline in both Asians and non-Asians, and the increase of T-CHO or LDL-C or HDL-C was not associated with baseline lipid level, baseline weight or BMI, baseline age or sex, or HbA1c changes from baseline in both Asians and non-Asians.
Effects on liver enzymes in SGLT2 inhibitors treatment
In Asians, compared with the placebo, treatment with SGLT2 inhibitors led to a significant decrease in alanine aminotransferase level, as well as a significant decrease in gamma-glutamyl transferase level. In non-Asians, treatment with SGLT2 inhibitors resulted in a significant decrease in alanine aminotransferase level and also in aminotransferase level. No significant difference was found in aminotransferase and alanine aminotransferase between Asian and non-Asian patients with SGLT2 inhibitors treatment. Data for gamma-glutamyl transferase was not enough for comparison. Details are shown in Table 2 .
All-cause mortality with SGLT2 inhibitors treatment In Asians, compared with a placebo, the risk of all-cause mortality was not significantly increased (OR 1.05, 95% CI 0.11 to 9.77, P = 0.97). In non-Asians, compared with a placebo, the risk of all-cause mortality was not significantly increased (OR 0.85, 95% CI 0.52 to 1.39, P = 0.52). The between-group difference of all-cause mortality in SGLT2 inhibitors treatment in Asians and non-Asians was not statistical significant (P > 0.05).
Adverse effects with SGLT2 inhibitors treatment
The risk of hypoglycemia in the treatment of SGLT2 inhibitors in Asians was significantly increased compared with a placebo (OR 1.78, 95% CI 1.14 to 2.79, P < 0.01), and also significantly increased in add-on treatment (OR 2.05, 95% CI 1.11 to 3.81, P = 0.02), but not in monotherapy (OR 1.51, 95% CI 0.79 to 2.89, P = 0.21). The risk of hypoglycemia in non-Asians was also significantly increased compared with a placebo (OR 1.25, 95% CI 1.13 to 1.39, P < 0.01), and in add-on treatment (OR 1.26, 95% CI 1.13 to 1.39, P < 0.01), but not in monotherapy (OR 1.17, 95% CI 0.59 to 2.29, P = 0.66). The between-group difference of SGLT2 inhibitors in Asians and non-Asians was not statistically significant (P > 0.05).
The risk of urinary infection during treatment with SGLT2 inhibitors in Asians was not increased compared with a placebo (OR 1.01, 95% CI 0.67 to 1.54, P = 0.95). The risk of genital infection in Asians was significantly increased compared with a placebo (OR 2.24, 95% CI 1.18 to 4.25, P < 0.05). However, the risk of genital infection and urinary infection in non-Asians with SGLT2 inhibitors treatment were both significantly increased compared with a placebo (OR 3.79, 95% CI 3.09 to 4.66, P < 0.01 and OR 1.14, 95% CI 1.01 to 1.29, P = 0.03, respectively). Details are shown in Table 3 .
Compared with a placebo, treatment with SGLT2 inhibitors was associated with a significantly increased risk of ketosis in Asian patients (OR 3.30, 95% CI 1.27 to 8.59, P < 0.01).
DISCUSSION
According to the present meta-analysis, comparison of HbA1c decreases from baseline with SGLT2 inhibitors treatment between Asian and non-Asian patients showed that HbA1c decreased more in Asians than that in non-Asians, with the difference of 0.05% between groups without significance (P > 0.05). Although baseline characteristics of the present meta-analysis as well as previous studies 5, 6 showed that the baseline BMI and baseline bodyweight were significantly lower in Asians, meta-regression analysis from this study showed that the HbA1c decrease from baseline was neither associated with baseline weight or baseline BMI, nor with baseline HbA1c, baseline age or sex, study duration, or duration of diabetes in both Asians and non-Asians. The previous hypothesis that there might be a difference of the efficacy on glucose control was not confirmed by the present meta-analysis.
The efficacy in SGLT2 inhibitors treatment on bodyweight decrease was also comparable between Asians and non-Asians. Although there were significant differences of baseline BMI and bodyweight between Asians and non-Asians, this meta-regres sion analysis showed that the bodyweight decrease from baseline was not associated with the HbA1c changes from baseline, or baseline weight or BMI in both Asian and non-Asian populations. The mechanisms of SGLT2 inhibitors treatment on bodyweight might be due to caloric loss through glucose excretion in the urine 61 , or due to reduced total body fat and lean body mass, as well as visceral adipose tissue 62 , or due to improvements in weight-related quality of life 63 . Furthermore, the efficacy on SBP of SGLT2 inhibitors treatment in Asians showed no significant decrease compared with a placebo, but in non-Asians showed a significant decrease. However, comparisons between Asian and non-Asian patients showed no significant difference. Comparisons of DBP change from baseline in Asians and non-Asians also showed nonsignificant difference; though, both in Asian and non-Asian populations, the DBP levels were significantly decreased. The mechanism of SGLT2 inhibitors reducing blood pressure has not been well established. It was suggested that it might be related to improved glycemic control, diuretic effects, weight loss, reduced arterial stiffness or direct vascular effects 61, [64] [65] [66] . However, emerging data also suggested that SBP lowering was independent of weight loss in canagliflozin treatment 67 . According to the meta-regression analysis of the present meta-analysis, the SBP changes and DBP changes were not associated with baseline SBP, baseline weight or BMI or bodyweight decrease, baseline age or sex, or study duration, in both Asians and nonAsians.
Comparison of the efficacy on lipid profiles between Asians and non-Asians showed that the reduction of TG level in Asians was superior to that in non-Asians, the increase of HDL-C in Asians was also superior to that in non-Asians, and the increase of T-CHO and LDL-C level from baseline in Asians was comparable with that in non-Asians. It was discussed previously that the effects on lipid profile appeared limited and probably not clinically relevant 68 . The possible mechanism reported was by reducing LDL catabolism and lipid utilization 69 . Meta-regression analysis from this the present showed that the TG reduction and HDL increase were not associated with baseline TG level or HDL level, baseline weight or BMI, baseline age or sex, or HbA1c changes from baseline in both Asian and non-Asian populations, which suggested that the lipid profile changes might be independent from the glucose level changes.
No disparity of the risk of all-cause mortality was found in the present meta-analysis, which did not show the possible disparity found in the randomized placebo-controlled trial of Cardiovascular Outcomes and Mortality of Empagliflozin in Type 2 Diabetes (EMPA-REG) study 70 . In that trial, the prespecified subgroup analysis showed that in Asians, the hazard ratio for the primary outcome was lower than that in white or in black populations, though without significance. Therefore, the result from the present meta-analysis confirmed that both Asians and non-Asians might benefit from SGLT2 inhibitors treatment.
According to this analysis, treatment with SGLT2 inhibitors was not associated with the risk of hypoglycemia when taken as monotherapy or in combination with other antidiabetes agents not associated with hypoglycemia, but was associated with increased risk of hypoglycemia when used in combination with insulin or sulfonylureas, both in Asian and non-Asian patients. The low risk of hypoglycemia with SGLT2 inhibitors was due to the mechanism of SGLT2 inhibitors -that they act independently of the glucose-dependent secretion of insulin by the pancreatic b-cells. Another possible reason was the renal threshold of glycemia, below which SGLT2 inhibitors would not be expected to cause further urinary glucose excretion.
Results from the present meta-analysis showed that the risk of urinary infection with SGLT2 inhibitors treatment in Asians was not increased when compared with a placebo, but was significantly increased in non-Asians. The risk of genital infection in Asians and non-Asians was significantly increased. It is known that the possible reason for the increased risk of genital infection and urinary infection is because of the glycosuric effect of SGLT2 inhibitors 71 . However, in Asian patients, the risk of urinary infection was not significantly increased according to the present meta-analysis. The reason for this is not clear so far. The number of patients involved in the analysis for urinary tract infection was 1,272 and 5,867 for Asians and nonAsians, respectively. Therefore, one possible reason might be associated with the analysis for urinary infection in Asians being underpowered. To explain this phenomenon more clearly, large data of Asian populations are required in the future.
In terms of the risk of ketosis with SGLT2 inhibitors treatment, the present meta-analysis showed that in Asians, the risk 73 warned that SGLT2 inhibitors might result in euglycemic ketoacidosis. Though the adverse events reported in the randomized controlled trials included in the present meta-analysis were not ketoacidosis but ketosis, the high risk of this adverse effect in SGLT2 inhibitors treatment compared with a placebo should be treated cautiously and studied further.
The present meta-analysis compared the placebo-corrected efficacy in glucose control, bodyweight control, blood pressure control, lipid profile control and the risk of adverse effects of SGLT2 inhibitors treatment between Asians and non-Asians in a large sample of type 2 diabetes patients. However, as a metaanalysis, the study still had some limitations. Data from separate studies, especially between Asian and non-Asian populations, were combined for the evaluation of the efficacy, as well as adverse effects. The inclusion criteria and the variables, such as age, body mass index, HbA1c level, bodyweight and duration of diabetes, might be different across studies, which could cause a high level of heterogeneity. If the level of heterogeneity was high, we used the random effects model for analysis, and also carried out sensitivity analysis. Baseline data between Asians and non-Asians were not comparable, but we used meta-regression analysis to evaluate the association of the efficacy and baseline variables, and adjusted the covariates. Another limitation was that there are several doses of SGLT2 inhibitors. In the present analysis, if there were several doses of SGLT2 inhibitors in one study, only the standard dose of each SGLT2 inhibitor treatment arm was included. For example, 10 mg dapagliflozin, 300 mg canagliflozin, 25 mg empagliflozin, 300 mg ipragliflozin, 40 mg tofogliflozin and 5 mg luseogliflozin. If there was only one dose of SGLT2 inhibitors in one study, this dose of each SGLT2 inhibitor treatment arm was included. In Asian patients, there are three studies with 2.5 mg luseogliflozin treatment and three studies with 50 mg ipragliflozin treatment. In non-Asian patients, all studies included were with the standard dose. Therefore, for most of studies included, there was no difference in the dosage between Asian and nonAsian type 2 diabetes patients. We also carried out sensitive analysis to evaluate the efficacy with different dosages, but no significant difference was found. Furthermore, publication bias is possible, because positive results had a greater chance of being selected for publication than negative results. We used the funnel plot assessment to minimize this limitation, of course, the present results should be interpreted cautiously.
Overall, according to the present meta-analysis, comparison of the efficacy in SGLT2 inhibitors treatment between Asian and non-Asian type 2 diabetes patients showed no significant difference in HbA1c reduction and bodyweight reduction. Furthermore, no disparity was found in the risk of all-cause mortality or hypoglycemia in SGLT2 inhibitors treatment between Asian and non-Asian patients.
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